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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a catalyst component for producing polyolefin, a catalyst for producing polyolefin 
comprising the catalyst conrponent, and a process for producing polyolefin in the presence of the catalyst More partic- 
ularly, the present invention relates to a catalyst component capable of selectively polymerizing (1) an ethylene polymer 
having a high melt tension, (2) an ethylenic copolymer having a uniform comonomer distritnition and (3) a poly(a-olef in) 
elastomer, particularly polypropylene elastomer and polymer containing rt, depending on the kind of olefin to be polym- 

10 erized. a catalyst comprising the catalyst component, and a process for producing polyolefin in the presence of the 
catalyst component 

The polymer obtained according to the present invention can be widely used in many fields, including autoniobile 
industry, appliance industry, building industry and civil engineering and construction industry. 

15 BACKGROUND OF THE INVENTION 

(1) Ethylenic polymer 

It is known that an etiiylenic polymer needs to have an enhanced melt tension (MT) to enhance its moldability To 

20 this end, studies have been made of the enhancement of the melt tension of an etiiylenic polymer obtained by polym- 
erization in tiie presence of a Ziegler type titanium catalyst or Phillips type chromium catalyst. For example, a method 
for tiie improvement of an etiiylenic polymer obtained by polymerization in the presence of a Ziegler type catalyst which 
comprises tiie enhancement of its melt tension is disclosed in JP-A-56-90810 and J P-A-60- 106806 (The term "JP-A" 
as used herein means an "unexamined published Japanese patent application"). Although an ethylenic polymer obtained 

25 by polymerization in the presence of a Ziegler type catalyst or Phillips type catalyst can be improved in melt tension, it 
is disadvantageous in that it has a broad molecular weight distribution and hence a great content of low moleculai^ weight 
conponents which can be extracted wltti hexane, causing fuming during forming. 

An ethylenic polymer obtained by polymerization in the presence of a metallocene catalyst system nfiade of a met- 
allocene compound and methyl aluminoxane has a narrow molecular weight distribution and has a small content of low 

30 molecular weight components, causing less fuming during molding. However, such an ethylenic polymer obtained by 
polymerisation in the presence of a metallocene catalyst system is disadvantageous in that it exhibits a low melt tension 
and hence a poor moldability. 

In order to solve the foregoing problem, a method for improving the melt tension of polymers obtained by polymer- 
ization in the presence of a metallocene catalyst system has been studied. For example, JP-A-4-213306, JP-A-5-140224 

35 and JP-A-5-1 40225 disclose a method for producing an olefin polymer in the presence of a solid catalyst comprising a 
crosslinked metallocene compound having a specific structure and an organic aluminoxy conpound. The use of such 
a polymerization method provides an improvement in tiie melt tension of the polymer (In tfie examples disclosed, when 
ethylenebisindenyl zirconium compounds are used as metallocene compounds, remarkablie effects can be actually rec- 
ognized). However, the systems disclosed in tiiese patents cannot provide polymers having a sufficient molecular weight. 

40 making it difficult to control the molecular weight of tiie resulting polymer by controlling tiie polymerization conditions 
such as hydrogen content. In particular, it is difficult to produce a polymer having a molecular weight as small as not 
more tiian 0.1 in MFR (melt flow rate, J IS K-6301) equivalence. Thus, ttiis polymerization mettiod can hardly be applied 
to multi-stage polymerization. Further, tiie polymer thus obtained has an insufficient molecular weight when used as a 
polyolefin modifier. 

45 Furtiier, JP-A-5-345793 discloses tiie polymerization of ethylene in tiie presence of a specific crosslinked indene- 
fluorene metallocene compound. However, the polymer thus produced disadvantageously has a . low melt tension and 
a poor moldability as obtained by polymerization in the presence of the conventional metallocene compounds. 

Thus, a metiiod has been desired for producing a high molecular weight etiiylenic polymer having a high melt tension. 

50 (2) Ethylenic copolymer 

Witii respect to an ethylenic copolymers, it is known that tiie molecular weight of tiie polymer and tiie comonomer 
composition distiibution in tiie polymer chain are important factors influencing the properties of the polymer. In particular, 
high molecular weight components having a uniform comonomer distribution has a great effect on the improvement In 
55 thefinal properties (e.g.. ESCR, rigidity, impact resistance) of tiie product (JP-B-61 -43378. Macromol. C hem.. Macromol. 
Symp.. vol.41, p.55 (1991), J. Polvm. Sci. : Part B, vol.29, p.129 (1991)). (The term "JP-B" as used herein means an 
"examined Japanese patent publication") In general, an etiiylenic copolymer produced by polymerization in the presence 
of a Ziegler-Natta catalyst can maintain its properties because of tiie presence of such a high moieadar component. 
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However, the comonomer composition distribution in the polymer chain is block-like, giving polymer with a higher degree 
of crystallization that adversely affecte the final product 

The use of a metallocene catalyst system provides a remarkable Improvement In the uniformity of the comonomer 
distribution in the polymer chain. However, the use of a zirconocene/methyi aiuminoxane catalyst system which has 

5 early been developed cannot provide a polymer with a sufficient molecular weight. An attempt to increase the molecular 
weight of an ethylenic copolymer by improving the metallocene compound in the metallocene catalyst system is disclosed 
in U.S. Patent 5.001 .205. JP-A-5-1 483 1 7, etc. However, the metallocene catalyst systems disclosed therein leave some- 
thing to be desired in the molecular weight of the resulting polymer, particularly taking Into account the application as a 
high molecular weight component for Improving the foregoing final properties of the product. 

10 If a metallocene catalyst system can be proposed that enables the production of a polymer with a higher molecular 
weight while maintaining the uniformity of the conx>nomer conposltion distribution in the polymer chain, it is of great 
industrial value. 

(3) Polypropylene elastomer 

15 

It has been known since first reported by Natta et al. that among pdypropylenes.are those having elastic properties 
(polypropylene elastomer). 

U.S. Patent 4.335,225. Macromolecules. vol.22. p,3851 (1989). ibW. vol.22, p.3858 (1989), J. Polvm. Sci. Part A:. 
vol.27, p.3063 (1989), JP-B-63-26122, JP-A-2-206608. JP-A-2-206633. and JP-A-7-90010 propose polypropylene elas- 

20 tomer that v^ich give a high molecular weight atactic component in the componertt extracted with diethyl ether and thus 
can exhibit elastomeric properties. However, the catalyst system disclosed therein is a catalyst system having a problem 
In that an alkyi complex of Ti or Zr supported on alumina has a remarkably low activity. 

In recent years, methods have been reported for the polymerization of propylene in the presence of a metalloc^e 
catalyst system which comprise direct polymerization to produce a polypropylene elastomer. The elastomer obtained 

25 by polymerization in the presence of this catalyst requires no separation process. Chien et al. obtained a thermoplastic 
elastomer by the polymerization of propylene in the presence of a crosslinked indene-cyclopentanediene metallocene 
conpound (British Patent 2241244, J. Am. Chem. Soc.. vol.1 12, p.2030 (1990), Macromolecules. vol.24. p.850 (1991). 
J.Am.Chem.SQC.. vol.1 13, p.8569 (1991). Macromolecules. vol.25. p.7400 (1992). ML vol.25, p.1242 (1992), J Polym. 
Sd. Part A: vol.30. p.2601 (1992)). Waymouth et al. obtained a thermoplastic elastomer polypropylene by the polymer- 

30 ization in the presence of a non-crosslinked bisindene metallocene compound (Science, vol.267. p.21 7 (1 995)). However, 
these methods are disadvantageous in that a polymer having a sufficient molecular weight cannot be obtained at a 
practically effective polymerization temperature. It is known that the elastomeric properties are associated with the pri- 
mary structure and molecular weight of the polymer. The foregoing metallocene catalyst systems which cannot provide 
a sufficient molecular weight impose a remarkable restriction on the properties of the polymer. 

35 A polymerization method is disctosed for producing a substantially amorphous high molecular weight atactic poly- 
propylene in the presence of a crosslinked bislfluorene metallocene compound (JP-A-6-234813. JP-A-6-256369) or 
monocyclopentanedienyl complex (WO95/00562). K is also reported that the atactic polypropylene thus obtained has 
elastomeric properties. However, the polymer thus obtained disadvantageously exhibits a small tensile strength and 
hence poor properties as an elastomer. Thus, the foregoing method can hardly control the polymer properties by con- 

40 trolling the polymerization conditions. 

With respect to crosslinked indene-f luorene metallocene compounds, a metallocene compound having unsubsti- 
tuted indene ring and f luorene ring is disclosed (JP-A-5-345793. Orqanometallics. vol. 1 3, p.647 (1 994)). However, pdy- 
propylenes thus produced have an extremely low molecular weight and thus are obtained in the form of oil or wax rather 
than thennoplastic elastomer. 

45 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a metallocene catalyst system capable of selectively 
producing (1) a high molecular ethylenic polymer having a high melt tension. (2) a high molecular ethylenic copolymer 
50 having a uniform comonomer conposltion distrttxition and (3) a poly(a-olef in) elastomer, particularly polypropylene elas- 
tomer and polymer containing it. depending on the kind of olefin to be polymerized. 

The foregoing three polymers are keenly desirable In the industry. If these polymers can be produced by using the 
same catalyst system, it is extremely favorable from the standpoint of production cost. It is also made possible to produce 
a high-performance resin in a multi-stage polymerization process wherein a plurality of polymers are produced in a single 
.55 polymerization vessel. 

Other objects and effects of the present Invention will be apparent from the following description. 

The present inventors made extensive studies on the foregoing problems. As a result, it was found that among 
crosslinked metallocene compounds having indene ring and fluorene ring a metalk)cene conpound having specific 
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substituents can be an extremely excellent catalyst component that provides the solution to the foregoing problems. 
Thus, the present invention has been completed. 

The present invention relates toi as a first aspect, a catalyst component for producing polyolefin, the catalyst com- 
ponent conprising a metallocene conpound represented by formula (1): 



10 



IS 



20 



25 




30 

wherein 

W represents a transition metal atom selected from Ti, Zr, and Hf : 

XI and X? may be the same or different and each represent a hydrogen atom, a halogen atom, a hydrocartx)n 
group having from 1 to 20 cartx}n atoms which may contain a halogen atom, an OR group, an SR group, an OOOR 
95 group, an SO2R group, an OSO2R group, or an NRR' group, in which R and R* may be the same or different arid each 
represent a hydrogen atom or a hydrocartx>n group having from 1 to 7 cart>on atoms which may contain a halogen atom; 

Ri and R2 may be the same or different and each represent a hydrogen atom, a hydrbcart)on group having from 
1 to 20 cart>on atoms, an OR group, or an SR group, in which R represents a hydrogen atom or a hydrocartx)n group 
having from 1 to 7 caibon atoms which may contain a halogen atom, Ri and R2 may be connected to each other to form 
40 a ring; 

R3 represents a hydrocarbon group having from 1 to 5 carbon atoms which may contain a silicon atom; 
R4 represents a l^rocartx>n group having from 1 to 20 cartx)n atoms which may contain a silicon atom; 
R5 to R15 may be the same or different and each represent a hydrogen atom or a hydrocart)on group having from 
1 to 20 carbon atoms which may contain a silicon atom, R^ to Ri^ may be connected to each other to form a ring; 
45 represents a cartDon atom, a silicon atom, or a germanium atom; and 

n represents an integer of from 1 to 3. 
In a preferred embodiments of the first embodiment of the present invention, R3 represents a methyl group or an 
ethyl group; and R^ represents a methyl group, an ethyl group, an niaropyl group, an l-propyl group, or an aryl group 
having from 6 to 20 cartx)n atoms, or 
50 R3 represents a methyl group or an ethyl group; R4 represents a phenyl group or a 1 -naphthyl group; R5 to R^s 

each r^resent a hydrogen atom; and n is 1 . 

The present invention also relates to. as a second aspect, a catalyst for producing polyolef in, the catalyst comprising: 

(A) the above catalyst component of the first aspect of the present invention; 
55 (B) a Lewis acid compound; and 

(C) an organoaluminum compound. 

In a prefen-ed embodiment for the second aspect, the catalyst further comprises (D) a particulate canier. 
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The present invention further relates to, as a third aspect, a process for producing a polyolefin, the process com- 
prising the step of homopolymerizing ethylene or copolymerizing ethylene and at least one of olefin represented by 
fbrnfUJla(2): 

5 R16 .CH = CH-R17 (2) 

wherein Ri® and may be the same or different and each represents a hydrogen atom or a hydrocartx>n group having 
from 1 to 14 cartoon atoms other than ethylene. R^® and R^^ may be connected to each other to form a ring, 
in the presence of the polyolefin production catalyst of the second aspect of the present invention. 
10 The present invention further relates to. as a fourth aspect, a process for producing a polyolefin, said process com- 
prising the step of polymerizing one of olefin represented by formula (2) or copolymerizing two or wore of olefins rep- 
resented by formula (2), in the presence of a catalyst comprising: 

(A) the above catalyst component of the first aspect of the present invention; 
15 (B) a Lewis add compound; and 

(C) an oiganoaluminum compound, or the catalyst comprising: 

(A-1) the above catalyst component of the first aspect of the present invention; 
(A-2) an auxiliary metallocene compound for the polymerization of a crystalline polyolefin; 
20 (B) a Lewis add compound; and 

(C) an organoaluminum compound. 

In a preferred embodiment for the fourth aspect, the catalyst further conprises (0) a particulate carrier. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the relationship between the melt tension (MT) and the melt flow rate (MFR) of etfiylenic polymers In 
Examples and Comparative Examples. 

Fig. 2 shows the 13C-NMR spectrum in the methyl region of the polypropylene produced urxier the conditions of 
30 Example 18. 

Fig. 3 shows the 13C-NMR spectrum in the methyl region of the polypropylene produced under the conditions of 
Example 22. 

Fig. 4 shows the stress-stain curve of polypropylene produced under the conditions of Example 18. 
Fig. 5 shows the stress-stain curve of polypropylene produced urxler tine conditions of Example 22. 

35 

DETAILED DESCRIPTION OF THE INVENTION 

The process for produdng a polyolefin in the presence of a catalyst for producing a polyolefin (hereinafter sometimes 
referred to as def in polymerization catalyst) according to the present invention will be f urtiier described hereinafter. 
40 The novel metallocene compound which is a first catalyst component in the polymerization process of the present 
invention Is represented by formula (1). Formula (1 ) will be further described hereinafter. 

R3 represents a Ci^ hydrocartx}n group which may contain a silicon atom. Specific exarrples of such a Ci^ hydro- 
cart3on group indude an alkyi group such as methyl, ettiyl. n-propyl, i-propyl. n-butyl. i-butyl, t-butyl, n-pentyl and 
cydopentyl; and an alkytsilyl group such as trimetiiylsllyl. R3 is preferably selected from the group consisting of metiiyl, 
45 etiiyl, n-propyl and i-propyl. 

The expressions 'Gi,^" and the like used herein means "having from 1 to 5 carbon atorhs" and the like. 
R4 represents a Ci^aD hydrocartx)n group which may contain a silicon atom. Specific examples of such a Ci_20 
hydrocarbon groxxp indude an alkyI group such as methyl, etiiyl, n-propyl, i-propyl. n-butyl. i-butyl. t-butyl, n-pentyl. 
cydopentyl. cydohexyl, octyl. nonyl and adamant/I, alkenyl group such as vinyl and propenyi; an aryl group such as 
so phenyl, tollyl, 2,6-dimetiiylphenyl, 2.4,6-trimethylphenyl. naphthyl and antiiracenyl; an aryialkyi group such as benzyl, 
phenylmethyl. diphenylmethyl, triphenylmetiiyl and phenylethyl; an alkylsilyl group such as methylsilyl, dimetiiylsilyl and 
trimethylsilyl; and a silylaikyi group such as tr!s(trimethyisilyl)metiiyl. Prefened among tiiese hydrocartx)n groups is one 
having a primary or secondary carbon atom at ttie a-position. such as an alkyi group (e.g.. metiiyl. ethyl, n-propyl, i- 
propyl, n-butyl, i-fcuJtyl) and an aryl group (e.g.. phenyl, tollyl. 2,6-dimethylphenyl, 2,4,6-trimethylphenyl. naphtiiyl, antiira- 
.55 cenyl). Particularly preferred among these hydrocarbon groups is an alkyI group such as methyl, ethyl and i-propyl, and 
an aryl group such as phenyl and 1 -naphthyl. 

In tiie metallocene compound represented by formula (1) of the present invention, it is important that botii R3 and 
R4 are not a hydrogen atom and the indene ring has a hydrogen atom at the 3-position. If R3 and R^ are a hydrogen 
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atom at the same time or the indene ring has no hydrogen atom at the 3-poGition. the effects of the present invention 
cannot be exerted. 

R5 to R15 may be the same or different arxl each represent a hydrogen atom or a Ci«20 hydrocarlDon group which 
may contain a silicon atom. In other words, to Ri^ each represent a hydrogen atom or has the same meaning as R^. 

5 R5 to may be connected to each other to form a ring. In particular, neighboring groups are preferably connected to 
each other to form an aromatic 6-membered ring. For example, it is preferred that in formula (1)i the indene ring is 4.5- 
benzoindene, 5.6-benzoindene or 6,7-benzoindene. and thefluorene ring is 1 ,2-benzofluorene. 2.3-benzofluorene. 3.4- 
benzofluorene, 5.6-benzofluorene, 6,7-benzofluorene. 7,8-benzofluorene. 3.4,5.6-dibenzofluorene or 4,5-methyl- 
enephenanthrene. The indene ring is particularly preferably 4.5-benzolndene. 

10 XI and X2 may be the same or different and each represent a hydrogen atom, halogen atom, Ci_20 hydrocarbon, 
group which may contain a halogen atom, an OR group, an SR group, an OCOR group, an SO2R group, an OSO2R 
group, or an NRR' group (in which R and R' may be the same or different and each represent a hydrogen atom or a C1-7 
hydrocarbon group which may contain a halogen atom). For example, the halogen atom represents fluorine, chlorine, 
bromine or iodine. The C1.20 hydrocartx)n group which may contain halogen atom may represent an alkyf group such 

15 as methyl, ethyl, n-propyl, iiaropyl, n-lxityl, i-butyl, t-butyl, n-pentyl, cyclopentyl and cyclohexyl; an alkenyl group such 
as vinyi and propenyl; an aryl group such as phenyl, tollyl, 2,6-dimethylphenyl and 2,4,6-trimethylphenyl; an arylalkyi 
group such as benzyl, phenytmethyl. diphenytmethyl. triphenylmethyt and phenylethyl; a halogenated alkyi group such 
as trifluoromethyl; or a halogenated aryl group such as pentafluorophenyl. The OR group may represent a hydroxy] 
group; an alkoxy group such as methcxy. ethoxy, propoxy and butoxy; or an aryloxy group such as phenoxy. The SR 

20 group may represent a mercapto group; an alkytthio group such as methylthio; or an arytthio group such as phenylthio. 
The OCOR group may represent a carboxyl group or an alkoxycarbonyl group such as methoxycartx>nyl. The SO2R 
group may represent a sutf ino group; an alkylsulf ino group such as methylsulf ino; or an arylsulf ino group such as phe> 
nylsulf inc. The OSO2R group may represent a sulfo group; an alkylsuKo group such as methylsulfo; or an arylsuHb group 
such as phenylsulfo and p-totuenesulfo. The NRR' group may represent an amino group; an alkylamino group such as 

25 methylamino. dimethylamino. diethylamino and dibutylamino; or an arylamino group such as pheriylamlno. Xi and X2 
are preferably selected from a halogen atoni and an alkyI groip such as methyl. 

Ri and R2 may be the same or different and each represent a hydrogen atom, a C1.20 hydrocark)on group, an OR 
group or an SR group (in which R represents a hydrogen atom or a Ci_7 hydrocartK)n group which may contain a halogen 
atom). Ri and R2 may be connected to each other to form a ring. For example, the Ci_20 hydrocart)on group may 

30 represent an alkyI group such as methyl, ethyl, n-profiyl, i-propyl. n-butyl, i-butyl. t-butyl, n-pentyl, cyclopentyl and 
cyclohexyl; an alkenyl group such as vinyl and propenyl; an aryl group such as phenyl, tollyl. 2.6-dimett^lphenyl and 
2,4.6-trimethylphenyl; or an arylalM group such as benzyl, phenylmethyl. diphenylmethyl. triphenylmethyl and phenyle- 
thyl. The OR group may represent a hydraxyl group; an alkoxy group such as methoxy. ethoxy. propoxy and butoxy; or 
an aryloxy group such as phenoxy. The SR group may represent a mercapto group; an alkylthio groip such as methyltttio; 

35 or an arylthio group such as phenylthio. Ri and R^ are preferably selected from methyl, ethyl and phenyl, 
represents a cartx)n atom, a silicon atom, or a germanium atom. 
In the crosslinking moiety represented by (Ri-Yi-R2)„, n is preferably 1 . R^ and R2 may be connected to each other 
via yi to form a ring, and for example, a 1 .1 -cyclohexytidene ring is preferred. 
Examples of the metalkx;ene compound of the present invention include: 

40 Me2Si[2-Me^-(1-Naph)lnd](Flu)ZrCl2, 
Me2Si[2-Et-4-(1 -Naph)lnd](FIu)2rCl2. 
iPrI2-Me-4-(1 •Naph)lnd](Flu)ZrCl2, 
Me2Si[2-Me-4-Phlnd](Ru)ZrCl2. 
Me2Si[2-Et-4-Phlnd](Ru)ZrCl2. 

45 iPr[2-Me-4-Phlnd](Flu)ZrCl2. 
Me2Sip-Me-4HPrind](Ru)Zra2. 
Me2Si[2-Et-4-iPrlnd](nu)ZrCl2. 
iPr[2-Me-4-iPrlndl(Ru)2rGl2. 
Me2Si[2-Me-4-Etlnd](Ru)ZrCl2. 

so iPrt2-Me-4-Etlnd](Ru)ZrCl2. 
Me2Si[2.4-Me2lnd]{Ru)2rCl2. 
iPrI2.4.Me2lnd](Ru)ZrCl2, 
Me2Sip.4.7-Me3lnd](Ru)ZrCl2. 
iPrI2.4.7-Me3lnd](Ru)ZrCl2. 

55 Me2Si[2-iyie-4,6-IPr2lnd](Ru)ZrCl2, 
iPr[2-Me-4,6-iPr2lnd](Ru)Zra2. 
Me2Si[2-MeBenzind](Ru)ZrQ2. 
iPr{2-MeBenzind](Ru)ZrCl2, 
Me2Si[2-Me-4-(1 -Naph)lncg(2.7-tBu2Ru)ZrCl2, 
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iPif2-Me-4-(1 -Naph)lnd](2 J-tBu2Ru)ZrCl2. 

MePhSI[2-Me-4-(1 -Naph)lnd](Flu)ZrCl2. 

Ph2Si[2-Me-4-(1-Naph)!nd](Flu)ZrCl2, 

Me2Ge[2-Me-4-(1-Naph)lnd](Ru)ZrCl2. and 
5 the corresponding titanium and hafnium compounds. 

Particularly preferred among these metaJlocene compounds are: 

Me2Si[2-Me-4-(1 -Naph)lndl(Flu)ZrCl2. 

iPrI2-Me-4-(1 -Naph)lnd] (Ru)ZrC!2. 

Me2Si[2-Me-4-Phlnd](Flu)Zra2. and 
w IPr[2-Me-4-Phlnd](Ru)ZrCl2. 

In the foregoing formulae, Me represents a methyl group, Et represents an ethyl group. iPr represents an isopropyl 

group. tBu represents a t-butyl group. Ph represents a phenyl group, Naph represents a naphthyl group. Ind represents 

an indenyl group, Benzind represents a 4,5-benzoindenyl group. Flu represents a f luorenyt groMP. Si[ ] represents a 

silyf ene group. iPr[ ] represents an isopropylydene group, Ge[ ] represents a germylene groip, Zr represents a zirconium 
75 atom, and CI represents a chlorine atom. 

The numerals indicating the position of substituents on the indene ring and the f luorene ring in formula (1 } are shown 

in formula (5). 




The foregoing metallocene compounds of the present invention may be used singly or in combination of two or more 
45 thereof. 

Typical examples of the synthesis route of the metallocene compound of the present invention will be outiined below, 
but tiie present invention should not be construed as being limited thereta 

As the substituted indene to be used as a starting material, commerdal products m^ be used. Alternatively, such 
a substituted indene can be synthesized by a known method. An exanple of tiie synthesis method will be given below. 

50 
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The substituted indene can be synthesized in accordance with the synthesis method disclosed in Or ffanometallics. 
vd.13, p.954 (1994): 




An indenyl anion of formula (12): 




(12) 



wherein represents an alkaline metal atom such as lithium, sodium and potassium, can be obtained by deprotonizing 
the substituted indene (1 0) in a solvent in the presence of n-butyl lithium, sodium hydride, potassium hydride or a strong 
base such as metallic sodium and metallic potassium. 
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TTie indenyl anion (12) thus produced is ttien reacted with a compound of formula (13): 



(r5 



X' 

y8 



(13) 



10 



wherein arxi xs may be the same or different and each represent a halogen atom, an OR group, an SR group, an 
OCOR group, an OSO2R group, or an NRR' group (in which R and R' each represent a hydrogen atom or a C1.7 hydro- 
carbon group) to obtain a compound of formula (14): 



IS 



20 



25 




(14) 



(r1_y1_r2)^ 



30 



35 



40 



45 



The reaction is effected at a temperature of from -78*'C to 1 20*C in a molar ratio (1 2)/(1 3) of from 1/0.5 to 1/50. particularly 
from 1/1 to 1/20. with the substrate concentration being from 0.1 mot// to 10 rr\o\/t Prefen-ed examples of the reaction 
solvent employable herein include an aliphatic hydrocarbon such as pentane. hexane and heptane; an aromatic hydro- 
carbon such as benzene and toluene; and an ether such as diethyl ether and tetrahydrofuran (THF). 
The compound (14) thus produced and a f luorenyt anion of formula (15): 




(15) 



(M^) 



wherein W represents an alkaline metal atom such as lithium, sodium and potassium, obtained by the deprotonization 
of the substituted fluorene (11) in the presence of the foregoing strong base, are reacted in a molar ratio (14)/(15) of 



so 



.55 
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from iyo.5 to 1/50, particularly from 1/1 to 1/20 to obtain a compound of formula (16): 



5 



IS 




(16) 



The reaction is effected at a temperature of from -78'»C to 120*C, particularly from -20*C to 20**C. with the substrate 
concentration being from 0.1 mdi/£ to 10 moUt Preferred examples of the reaction solvent employable herein include 
25 an aliphatic hydrocarbon such as pentane, hexane and heptane; an aromatic hydrocaibon such as benzene and toluene; 
and an ether such as diethyl ether and tetrahydrofuran (THF). 

The compound represented by formula (16). if n Is 1 and Yi is a carbon atom, can be effectively synthesized by the 
following method. 

The substituted indene (10) and a ketone of formula (17): 



O 



35 




(17) 



40 are reacted to obtain a substituted benzof ulvene of formula (18): 



45 



so 




(18) 



55 

For example, the substituted indene (1 0) is allowed to be reacted with sodium ethoxide in ethanol, n-butyl lithium, sodium 
hydride, potassium hydride or strong base such as metallic sodium and metallic potassium, and then the ketone (1 7) is 
added In a molar ratio (1 0)/(1 7) of from 1/0.5 to 1/50, particularly from 1/1 to 1/20. 
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The substituted benzofuivene (18) and the substituted fluorene (12) are reacted in a molar ratio (18)/(12) of from 
1/0.5 to 1/50, particularly from 1/1 to 1/20 to obtain a compound of formula (19): 



10 



IS 



20 




(19) 



Rl2 Rll R 



The compound (19) thus synthesized is then subjected to a method known in references (J. Am. Chem. Soc.. 
25 vol.95, p.6263 (1995). OraanometaHics. vol.14, P.5 (1995)) to obtain a metallocene compound. 

For example, the conrpound (19) is deprotonlzed by the foregoing strong base to obtain a dianion of formula (20): 



30 



35 



40 



45 




(20) 



50 



55 



wherein W represents an alkaline metal atom such as lithium, sodium and potassium. 
The compound (16) or the dianion (20) is then reacted with a compound of formula (21): 

M^(X1nX24.n) 



(21) 



wherein and may be the same or different and each represent a halogen atom, an OR group, an SR group, an 
OCX^R group, an OSO2R group or an NRR' group (in which R and R' may be the same or different and each represent 
a hydrogen atom or a Ci_7 hydrocarbon group): and n represents an integer of from 1 to 3. to obtain a metallocene 
compound (1) (with the proviso that Xi and X^ are not an alkyi group). The reaction is effected at a temperature of from 
-78''C to 120^*0, particularly from -78**C to 30*'C, with the substrate concentration being from 0.01 mol// to 10 mol/f. 
Preferred examples of the reaction solvent employable herein include an aliphatic hydrocarbon such as pentane, hexane 



12 



EPO 707016 A1 

and heptane; an aromatic hydrocart)on such as benzene and toluene; a halogenated hycfrocarbon such asdichlorometh- 
ane; and an ether such as diethyl ether and tetrahydrofuran (THF). 

If and X? In formula (1) are hydrocarbon groups, the conppund (16) or the dianlon (20) is acted upon by an 
alkylating agent represented by formula (22): 

R32-M7 (22) 

wherein R32 represents a Ci_20 hydrocarbon; and W represents an alkaline metal atom such as lithium, sodium and 
potassium, to produce a metallocene compound represented by formula (1). 

The catalyst for producing a polyolefin according to the present invention comprises (A) the catalyst component 
comprising the metallocene compound of the present invention, (B) a Lewis add compound, and (C) an organoalunvnum 
compound. 

Examples of a Lewis acid compound as the second catalyst oonrqsonent (B) can be roughly divided into the following 
two groups. 

One of the two groups is an organic aluminoxy compound represented by formula (23) or (24): 




(23) 



(24) 



In formulae (23) and (24), R33, R34 and R35 may be the same or different and each represent a hydrogen atom 
or a Ci_io hydrocartx)n group, preferably methyl, ethyl, n-propyl, iiJropyl, n-butyl or i-butyl, particularly preferably methyl 
or i-butyl. The plurality of R36 groups may be the same or different and each represent a Ci_io hydrocarlDon group, 
preferably methyl, ethyl, n-propyl, l-propyl, n*butyl or i-txityi, particularly preferably methyl or i-butyl. The suffix n repre- 
sents an integer of from 1 to 100. Organic aluminoxy compounds represented by formula (23) or (24) wherein n is from 
3 to 100 are preferably used In admixture. Alternatively, organic aluminoxy compounds represented by fomnulae (23) 
and (24) may be used in admixture. 

The preparation of these compounds can be accomplished by a Known method. Examples of such a known method 
include a method which comprises the addition of a trialkyi aluminum to a suspension of a salt having water of crystal- 
lization (e.g.. hydrated copper sulfate, hydrated aluminum sulfate) in a hydrocarbon solvent, and a method which com- 
prises allowing the foregoing suspension to be acted upon by solid, liquid or gaseous water. 

If n is 2 or more and the plurality of groups are the same, one trialkyf aluminum is used. If the plurality of R36 
groups are different, two or more kinds of trialkyi aluminum or one or more kinds of trialkyi aluminum and one or more 
kinds of dialkyi aluminum monohydrides may be used. Specific examples of these trialkyi aluminum and dialkyi aluminum 
monohydrides include a trialkyi aluminum such as trimethyl aluminum, triethyl aluminum, tri-n-propyl aluminum, tri-i- 
propyl aluminum, tri-n-butyl aluminum, tri-i-butyl aluminum, tri-s-butyl aluminum, tri-t-butyl aluminum, tripentylbutyl alu- 
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minum, trihexylbutyi aluminum and tricydohexylbutyl aluminum; a diaikyi aluminum halide such as dimethyl aluminum 
chloride and di-i-butyl aluminum chloride; and a diall^l aluminum aryloxide such as dimethyl aluminum methoxide. Pre- 
ferred among these compounds Is a trialkyl aluminum, particularly preferably trimethyl aluminum or trl-i-butyl aluminurh. 
The organic aluminoxy compound to be used in the present invention may be further reacted with a compound 

5 having active hydrogen such as water so that the organic aluminoxy compound of formula (23) or (24) is crosslinked. 
Alternatively, the organic aluminoxy compound to be used in the present invention may be a product of the addition 
reaction with an organic polar compound having in its molecule at least one atom selected from phosphorus, nitrogen, 
sulfur and oxygen, and free of active hydrogen. The foregoing organic aluminoxy compound may comprise an alcoholic 
additive or the like incorporated therein to inhibit its aging. Examples of the foregoing organic polar compound include 

10 trimethyl phosphate and triethyl phosphate. In the presence of such an organic aluminoxy compound, a polyolef in having 
excel lent powder properties can be produced without causing the polymer to be attached to the wall of the polymerization 
vessel. 

The other group of the second catalyst component is a Lewis acid compound that reacts with a metallocene com- 
pound to produce an ionic complex. Preferred examples of such a Lewis acid compound include an organoboron com- 

15 pound, particuiariy an organoboron compound having a pentaf luorophenyl group, a p-methyltetraf luorophenyt group, a 
p-t-butyltetraf luorophenyl group or a p-trimethylsilyltetraf luorophenyl group. Specific examples of such an organoboron 
compound include tri(pentafluorophenyl)l>oron, tri(n-butyl)ammonium tetra(pentafluorophenyl)l>orate. dimethylanilium 
tetra (pentafluorophenyl) borate, pyridinium tetra (pentafluorophenyl)borate, ferrocenium tetra (pentafluorophe- 
nyl)borate, triphenylcarbenium tetra (pentafluorophenyf)borale, triphenylcarbenium tri (pentafluorophenyl) (4-methyl- 

20 2,3,5,6-tetrafluorophenyl) borate, triphenylcarbenium tri(pentafluorophenyf) (4-t-butyl-2.3,5.6-tetraffluorophenyl)borate, 
and triphenylcarbenium tri(pentafluorophenyl) (4-trimethytsiiyl-2.3.5.6'tetraf luorophenyl)t)orat& 

The third catalyst component (C) to be used in the polymerization process of the present invention is an organoa- 
luminum compound. The organoaluminum compound may be selected from a trialkyl aluminum such as trimethyl alu- 
minum, triethyl aluminum, tri-n-propyl aluminum, tri-i-propyl aluminumi, tri-n-butyl aluminum, tri-i-butyl aluminum, tri-s- 

25 butyl aluminum, tri-t-butyl aluminum, tripentyl aluminum, trihexyl aluminum, trioctyl aluminum and tricydohexyl alumi- 
num; a dialkyi aluminum halide such as dimethyl aluminum chlorkle, diethyl aluminum chloride and di-i-butyl aluminum 
chloride; a dialkyi aluminum alkoxide such as dimethyl aluminum methoxide and diethyl aluminum ethoxide; a dialkyi 
aluminum alkoxkJe such as dimethyl aluminum methoxide and diethyl aluminum ethoxide; a dialkyi aluminum aryloxide 
such as diethyl aluminum phenoxide; and an aluminoxane. Preferred among these organoaluminum compounds is a 

30 trialkyl aluminum, particuiariy preferably trimethyl aluminum, triethyl aluminum, tri-i-butyl aluminum, and trioctyl alumi- 
num. Such an organoaluminum compound may be replaced by an organic aluminoxy compound represented by formula 
(23) or (24). 

The catalyst for producing a polyolefin according to the present invention may further be comprise (D) a particulate 
can'ier. 

35 The first, second and third catalyst components of the present invention can be all supported on the particulate 
can-ier (D) (hereinafter singly referred to as "carrier") as the fourth catalyst component. The particulate carrier employable 
herein generally has an average particle diameter of from 10 to 300 ^m. preferably from 20 to 200 jim. The particulate 
carrier to be used in the present invention is not specifically limited and can be selected from organic and inorganic 
substances so far as it is particulate and stays solid in the polymerization medium. If the particulate carrier is an inorganic 

40 substance, it is preferably selected from inorganic oxides, inorganic chlorides, inorganic cariDonate. inorganic sulfates 
and inorganic hydroxides. If the particulate carrier is an organic substance, it is preferably from organic polymers. 

Examples of the inorganic substance include oxides such as silica and alumina, chloride such as magnesium chlo- 
ride, carbonate such as magnesium carbonate and calcium cari^onate, sulfates such as magnesium sut^te and calcium 
sulfate, and hydroxide a such as magnesium hydroxide and calcium hydroxide. Examples of the organic substance 

45 include organic polymer caniers, and in particular, a particulate polyethylene or polystyrene can be exemplified. The 
particulate carrier is preferably selected from inorganic oxides, particularly silica, alumina and a complex thereof. 

Among these niaterials, a porous particulate can-ier is preferred. Such a porous particulate carrier is less attached 
to the inner wall of the reaction vessel, making it possible to provide a polymer having a higher bulk density. The porous 
particulate cairier used In the present invention preferably has a specific suriace area of from 10 to 1 .000 m^/g. more 

50 preferably from 1 00 to 800 m^/g, particularly preferably from 200 to 600 niz/g. The pore volume of the porous particulate 
carrier is preferably from 0.3 to 3 cc/g, more preferably from 0.5 to 2.5 cc/g, particularly preferably from 1 .0 to 2.0 cdg. 

The particulate carrier can have different water adsorption and suriace hydroxyl group content with different treat- 
ment conditions. The particulate can-ier preferably has a water content of not more than 5% by weight and a surface 
hydroxy! group content of not less than 1/nm3 per suriace area. The water content and surface hydroxyl group content 

55 can be controlled by controlling the calcining temperature or by treatment with an organoaluminum compound or an 
organic boron conr^und. Further, a particulate earner which has been subjected to prelinvnary polymerization with an 
olefin can also be used. 

The polymerization catalyst of the present invention may further comprise other components useful for the polym- 
erization of olefin besides the foregoing components. 
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Examples of the olefin to be polymerized in the process for producing a polyolef in according to the present invention 
include ethylene, propylene, 1-lxitene, 1-pentene. 1-hexene. 1*heptene» 1-octene, 3-methyl-1-butene, 4-methyl-1-pen- 
tene, cyclopentene, cyclohexene. and styrene. 

In the process of the present invention, it is preferred that ethylene is homopolymerized or ethylene and at least one 
of olefin repriesented by formula (2) are copqiymerized: 

Ri6.CH = CH-Ri7 (2) 

wherein R^e and R17 may be the same or different and each represents a hydrogen atom or a hydrocartx>n group having 
from 1 to 14 carbon atoms other than ethylene. and Ri? may be connected to each other to form a ring. 

It is also prefen-ed that one of olefin represented by formula (2) is honrK)polymerized or two or nrx>re of olefins rep- 
resented by formula (2) are copoiymerized. 

Examples of the olefin represented by formula (2) to be polymerized include propylene. 1-butene. 1-pentene. 1- 
hexene, 1-heptene, 1-octene, 3-methyl- 1-butene, 4-methyi-1 -pentene, cyclopentene, cyclohexene, and styrene. Pre- 
ferred examples of the olefin represented by formula (2) to be copolymerized with ethylene include propylene, 1 -txitene, 
1-hexene, and 1-octene. Particularly prefen*ed. among these olefins is propylene. In the polymerization or copolymeri- 
zation of one or more olefins represented k}y formula (2). propylene is preferably homopolymerized. or alternatively, 
propylene is preferably copolymerized with 1-butene or 1-hexene. Particularly preferred among these polymers is pro- 
pylene homopolymer. 

Further, a polyvalent unsaturated hydrocartxm can be polymerized. Examples of the polyvalent unsaturated hydro- 
cartjon to be polymerized include a C5-80 polyvalent unsaturated hydrocait>on with a molecular weight of not more than 
1,100 having a plurality of non-conjugated vinyl groups and at least two vinyl double bonds. A particularly effective 
unsaturated hydrocarix)n has from 8 to 20 cartoon atoms. Specific examples of such a polyvalent unsaturated hydrocar- 
bon include 1.4-pentadiene. 1,5-hexadiene, 1.6-heptadiene, 1,7-octadiene, 1,8-nonodiene. 1,9-decadiene. 1,13-tetra- 
decadlene, 3-m^hyl-1,4-pentadiene. 4-methyl-1,5-hexadiene. 3Hfnethyl-1.5-hexadiene, and 1.5.9-decatriene. 
Particularly preferred among these are 1 .5-hexadiene, 1 ,7-octadiene, and 1 .9-decadiene. The proportion of the polyva- 
lent unsaturated hydrocarbon to be polymerized is preferably from 0.05 to 2% by weight based on the amount of tiie 
olefin represented by formula (2). 

The time at which the first catalyst component (A) (catalyst component comprising the metallocene compound of 
the present invention) is brought into contact with the other catalyst components (B) and (C) on the polymerization 
reaction may be arbitrarily selected. For example, the first catalyst component (A) and the second catalyst component 

(B) may be previously brought into contact witii each otiier (pre-contact), and then added to the third catalyst component 

(C) and the olefin to be polymerized which had been charged into the reaction vessel to initiate the polymerization 
reaction. In an alternate method, the third catalyst component (C) and the olefin to be polymerized may be charged into 
the reaction vessel. The first catalyst component (A) and the second catalyst component (B) may then be separately 
charged into the reaction vessel to initiate the polymerization reaction. In particular, if tiie second catalyst component 
(B) is an organic aluminoxy compound represented by formula (23) or (24), the first catalyst component (A) and the 
second catalyst component (B) can be previously brought into contact with each other before being supplied into the 
reaction system, to provide a remarkable enhancement of polymerization activity. 

The first second and third catalyst components may be supported on the fourth catalyst componerit P) at any time 
as necessary. The order of supporting ttiese catalyst components on the fourth catalyst component may be arbitrarily 
selected. Preferably, tiie second catalyst component (B) may be mixed witii tiie fourth catalyst component (D) so tiiat 
they are brought into contact witii each other. The first catalyst component (A) is then brought into contact with the 
mixture. Alternatively, the first catalyst component (A) and the second catalyst conponent (B) may be previously brought 
into contact witii each otiier. The fourth catalyst component (D) is then mixed with tiie mixture so that they are brought 
into contact witii each otiier. 

The above catalyst components may be mixed in a solvent such as an aromatic hydrocart>on (e.g., benzene, toluene, 
xylene), an aliphatic hydrocartx)n (e.g.. pentane, hexane, heptane, octane, decane), and an allcydic hydrocarbon (e.g.. 
cyclopentane, cydohexane) in the presence or ak)sence of olefin. The temperature at which these components are mixed 
is generally from -70*0 to 200'C, preferably from -20**C to 120*'C. The mixing time is generally from 1 to 600 minutes. 
When these catalyst components are mixed, the first catalyst conponent (A) is generally used in a concentration of from . 
10~6 to 1 0^3 mol per g of the fourth catalyst component (D). 

The polymerization of the present invention can be accomplished by any metiiod known in the art such as solution 
polymerization, slurry polymerization, gas phase polymerization, and high temperature melt polymerization. The polym- 
erization of tiie present invention may be effected continuously or batchwise, and in one stage or a plurality of stages. 

The polymerization conditions are not specifically limited except those specified in tiie process enrployed. The polym- 
erization temperature is generally from O'^C to 300*^0. preferably from 20°C to 1 50*^0, more preferably from 40^*0 to SO'^C. 

The concentration of the polyolefin polymerization catalyst conponent used in tiie process of the present invention 
is not particuiariy limited. The concentration of the metallocene compound as the first catalyst component (A) is preferably 
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from 1 0~i 0 to 1 mol// with respect to the solvent or reaction vessel volume. The concentration of the second catalyst 
component (B). if it is an organic aluminoxy compound represented by formula (24) or (25), is preferably from 10 to 
10,000, particularly from 100 to 5.000 as calculated in terms of molar ratio of aluminum atom in the organic aluminoxy 
compound to metallocene compound. The concentration of the second catalyst component (B), if it is a Lewis acid 

5 compound in the other group, such as an organoboron compound is preferably from 0.1 to 100. particularly from 0.2 to 
10 as calculated In terms of molar ratio of Lewis acid compound to metallocene oonpound. With respect to the third 
catalyst component (C), the molar ratio of organoaluminum compound to metalloc^e compound as first catalyst com- 
ponent (A) is generally from 10 to 100,000, preferably from 100 to 10.000 as calculated In terms of aluminum atom In 
the organoaluminum compound. 

10 The adjustment of the molecular weight of the resulting polymer can be accomplished by any known method. e.g.. 
by properly selecting the polymerization temperature or introducing hydrogen into the polymerization system. 

The olefin polymerization catalyst of the present invention may be used in combination with other olefin polymeri- 
zation catalysts. 

In the case where ethylene is polymerized or ethylene and one or more olefins represented by formula (2) are 
15 copolymerized, the metallocene compound of the preserrt invention can be used in combination with other known met- 
allocene compounds to produce ethylene polymers having different molecular weight distributions. 

In the case where one or more olefins represented by formula (2) are polymerized or copolymerized. the metallocene 
compound of the present invention can be used in combination with an auxiliary metallocene compound for the polym- 
erization of a crystalline polyoiefin, particularly crystalline polypropylene, to provide further improvement in the elastic 
20 properties of the resulting polymer. 

Examples of the auxiliary metallocene compound for the polymerization of a crystalDne polypropylene to be used 
in the present invention include compounds represented by formulae (3) and (4): 



25 



30 



35 



40 




45 



wherein represents a transition metal atom selected from Ti, Zr, and Hf ; X3 and may be the same or different and 
each represent a hydrogen atom, a halogen atom, a hydrocarbon group having from 1 to 20 cartx)n atoms which may 

50 contain a halogen atom, an OR group, an SR group, an OCOR group, an SO2R group, an OSO2R group, or an NRR* 
group, in which R and R' may be the same or different and each represent a hydrogen atom or a hydrocarbon group 
fiaving from 1 to 7 cait>on atoms which may contain a halogen atom; and may be the same or cfiff^ent and 
each represent a hydrogen atom, a hydrocartx)n group having from i to 20 cartx)n atoms, an OR group, or an SR group, 
in which R represents a hydrogen atom or a hydrocartx)n group having from 1 to 7 cartoon atoms which may contain a 

55 halogen atom, R^s and R^s may be connected to each otiier to form a ring; R24 represents a hydrocart>on group having 
from 1 to 5 carbon atoms which may contain silicon atom; R20 to R23, R25, and R26 may be the same or different and 
each represent a hydrogen atom or a hydrocariDon group having from 1 to 20 carbon atoms which may contain silicon 
atom. R23 and R^s. and R24 and R26 may be connected to each other via a cartx)n atom to form a ring; Y2 represents 
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a cartx)n atom, a silicon atom, or a germanium atom: and n represents an integer of from 1 to 3. 




wherein M3 represents a transition metal atom selected from Ti, Zr. and Hf ; and may be the same or different and 

each represent a hydrogen atom, a halogen atom, a hydrocartx)n group having from 1 to 20 cait)on atoms which may 

contain halogen atom, an OR group, an SR group, an OCOR group, an SO2R group, an OSO2R group, or an NRR" 
30 group, in which R and R' are as defined at>cve; R^^ and R^^ may be the same or different and each represent a hydrogen 

atom, a hydrocarbon group having from 1 to 20 cartx>n atoms, an OR group, or an SR group, in which R is as defined 

above, R^? and R^s may be connected to each other to forni a ring; R29 represents a hydrocarbon group having from 1 

to 5 carbon atoms which may contain a silicon atom; R30 and R^ may be the same or different and each represent a 

hydrogen atom or a hydrocartx>n group having from 1 to 20 cartx)n atoms which may contain a silicon atom; R29 and 
35 R31 may be connected to each other via a cartx>n atom to form a ring; Y3 represents a carbon atom, a silicon atom, or 

a germanium atom; and n represents an integer of from 1 to 3. 

For the details of the various substituents in formulae (3) and (4). reference can be made to formula (1). However, 

the metallocene compound represented by formula (3) or (4) is a metallocene conpound which is known to provide a 

crystalline potyolef in rather than amorphous atactic polyolef in in the case of polymerization of a-olef in such as propylene, 
40 among known metallocene conrpounds. 

Specific examples of the metallocene compound represented by formula (3) include: 

iPrt(Cp)(Flu)]ZrCl2. 

iPrI3-tBuCp){3-tBulnd)]ZrCl2, and 

Me2Si[(3-tBuCp)(Flu)]ZrCl2. 
45 Specific examples of the metallocene compound represented by formula (4) include: 

Et[lndl2ZrCl2. 

Et[THInd]2ZrCl2. 

Me2Si[lnd]22rCl2. 

Me2Si[2-t^elndj22ra2. 
so Me2SI[2,4-Me2lnd]2ZrCI2. 

Me2Si[2.4.7-Me3lnd]2ZrCl2, 

Me2SiI2-Me-4,6HPr2lnd]2Zra2. 

fy/Ie2Si[2-Me-4-iPrindl2ZrCl2, 

Me2Si[2-Me-4-Phlnd]2ZrCl2. 
55 Me2SI[2-Me-4-(1-Naph)lncQ2ZrCl2. 

Me2Si[2-MeBenzind]2ZrCl2. 

Me2Si[3-tBuCp]2ZrCl2, 

Me2Sip-l^e^tBuCp]2Zra2, 
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Me2Si[2,4,5-Me3Cp]2Zra2, and 
Me2Si[2.4.5-Me3Cp]2HfCl2. 

In the foregoing formulae, Me represents a methyl group. iPr represents an isopropyl group, tBu reprsents a t-butyt 
group, Ph represents a phenyl group, Naph represents a naphthyl group, Cp represents a cyclopentadienyl group, Ind 
represents an indenyl group. THInd represents a 4.5,6.7-tetrahydroindenyl groi^D, Benzind represents a 4,545enzoinde- 
nyl group, Flu represents a f luorenyl group, Si[ ] represents a silylene group, IPit ] r^resents an Isopropylydene group. 
Et[ ] represents an ethylidene group. Zr represents a zirconium atom, Hf represents a hafnium atom, and CI represents 
a chlorine atom. 

The metallocene compounds exemplified above are all known from JP-A-3-314978, JP-A-6-122718. U.S. Patent 
5,132.262. Anqeyy, Qhm tm, Ed. ^ngl. . vol.24, p.507 (1985), J. Am. Chem. Soc.. vol.1 10. p.6255 (1998), Chem. Lett.. 
P.1853 (1989). Organometallics. voL13. p.954 (1994). ibid voLia. p.964 (1994) 

In the procedure of synthesis of the metallocene compound represented by formula (1) of the present invention, a 
metallocene compound (3) or (4) for the polymerization of a crystalline polyolefin, particularly crystalline polypropylene, 
may be simultaneously synthesized. The two metallocene oonpounds thus synthesized may be used for polymerization 
without being isolated. The metallocene catalyst system comprising a metallocene compound represented by formula 

(1) may be used in combination with other crystalline polyol^in production catalyst which has heretofore been known, 
e.g.. magnesium chloride-supported Ziegler-Natta catalyst, than the foregoing crystalline polyolefin production metal- 
locene catalyst system. 

The polyolefin obtained in the present invention can be used as a modifier or compounding agent for various resins. 

The polyolefin obtained by the polymerization of ethylene or the copolymerization of ethylene with one or more 
olefins represented by formula (2) can be blended with other polyolefins to enhance its moldability or the properties of 
the final product 

The polyolefin obtained by the polymerization or copolymerization of one or more olefins represented by formula 

(2) exhibits excellent properties if blended with other poly(a-olef in). For exanple, the polyolefin of the present invention 
can exhibit enhanced elastic properties when blended with, e.g., a crystalline poly(a-olefin) as crystalline poly(a-olef in) 
having a stereoregularity of mm% s 90% or rr% g 80% in an amount of not more than 50% by weight. Further, such a 
aystalline poly(a-olefin) can exhibit a drastic enhancement of impact resistance if blended with the polyolefin of the 
present invention in an amount of not more than 50% by weight. In particular, an isotactic polypropylene resin which 
requires a high inrpact resistance when used as an automobile bumper or the like can be blended with the polyolefin of 
the present invention, particularly polypropylene polymer to advantage. Furtiier. tiie polyolefin of tiie present invention 
obtained by the polymerization or copolymerization of one or more olefins represented by formula (2) is essentially 
amorphous and thus can be a compounding agent extremely excellent in radiation resistance. 

The polyolefin obtained in tiie present invention can make the best use of its transparency, flexibility, strength, form- 
ability, heat-sealability or other properties so that it can be incorporated in various products. 

The polyolefin obtained in the present invention can also be used as a modifier or compounding agent for resins 
other than the foregoing crystalline polyolefin. such as an etiiylene-vinyl acetate copolymer, a saponiffoation product 
thereof, an ettiylene-vinyl alcohol copolymer, a halogen-containing copolymer (e.g.. polyvinylidene chloride, polyvinyl 
chloride, polyvinyl fluoride, polyvinylidene fluoride, polypropylene, rubber chloride), an unsaturated cartxsxylic acid, and 
a polymer of derivatives thereof (e.g., polymettiyl methacrylate, polyalkyi acrylate). 

The polyolefin obtained in tiie present invention can be furtiier used as a starting material of various graft copolymers 
and block copolymers. 

The present invention will be further described in tiie following examples, but tiie present invention shoukJ not be 
construed as being limited thereta 

In the examples befow, the metallocene compound of the present invention was identified by tiie following mettiods. 
1H-NMR : 

1 H-NMR of the metallocene compound was measured in chtoroform-d at a temperature of SO^'C. 
Mass spectrometry: 

The specimen was introduced by a direct introduction mettiod, and then ionized tiy an electron bombardment 
method (70 eV) for measurement. 

The physical properties of the polymer were measured as follows: 
13C-NMR : 

13C-NMR of tiie polymer was measured in a 1 : 3 mixture (by weight) of benzene-de and 1.3,5-trichlorobenzene 
at a temperature of 120''C (measurement mode: proton decoupling metiiod; pulse widtti: 8.0 fjis; pulse repetition time: 
3.0 s; integrating time: 20,000; internal standard: hexamethyl disifoxane). 

The reactivity ratio r^ra. which indicates tiie comonomer composition distribution In the etfiyienic copolymer, and tiie 
extent of incorporated comonomer in tiie polymer chain are calcidated in accordance with J. Polm. Sci.. Ftolvm. Chem.. 
vol.29, p.1585 (1991), Polvm. Bull., vol.26, p,325 (1991). 

The stereoregularity of tfie polypropylene was evaluated by the intensity ratio of mm, mr and rr signals derived from 
metiiyl group in accordance with Macrolecules. vol.6, p.925 (1973). MsL vol.8, p.687 (1975). 
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Gel permeation chromatOQ^ap^^v (GPC) : 

The gel permeation chromatography of the polymer was effected in 1,2,4-trichlorQbenzene at a column temper- 
ature of 1 35*^0 and a solvent flow rate of 1 mZ/min. 
Differential scanning catorimetrv (DSC) : 

5 The polymer was heated to a temperature of 230''C where it was then kept for 5 minutes. The polymer thus heated 

was then scanned while being cooled at a rate of 20''C/min. for the measurement of heat of crystallization. The polymer 
was then kept at a temperature of 25*^0 for 5 minutes. The polymer was then scanned while being heated at a rate of 
20*'C/min. for the measurement of heat of fusion. 

The ethylenic polymer was measured for the fbllowing properties: 

10 Melt flow rate (MFR) : 

The melt flow rate of the ethylenic polymer was measured at a temperature of ISCC under a load of 2.16 kg in 
accordance with JiS K-6760. 
High load melt flow rate (HLMFR) : 

The high load melt flow rate of the ethylenic polymer was measured at a temperature of IBO^C under a load of 
IS 21 .6 kg in accordance with JIS K*6760. 
Density : 

The density of the ethylenic polymer was measured in accordance with JIS K-6750. Specifically, the specimen 
was pressed at temperatures of 23''C and 190''C, cut. deaerated in ethanol. and then measured by means of a density 
gradient tube. 
20 Mett tension (MT): 

The polymer specimen to be measured was in the form of powder. The measurement was effected with an orifice 
inner diameter of 2.095 ± 0.005 mm and an orifice length of 8.000 ± 0.025 mm at a resin temperature of 190**C, an 
extrusion speed of 15 mnVmln. and a winding speed of 6.5 m/min. 
The propylene polymer was measured for the following properties: 
25 Tensile test : 

The tensile test was conducted in accordance with JIS K-6301 . Specifically, the propylene polymer was kneaded 
at a temperature of 230**C by means of a 3-in. roll for 5 minutes, and then pressed into a Intim thick plate to obtain a 
No. 2 1/2 dumbbell specimen. The measurement was conducted at a pulling speed of 200 mm/min. 
Elongation?^: 

30 A specimen having 20 mm between two gage marks was kept extended by 1 00 % fori minute. When 1 0 minutes 

passed since the specimen was released, the distance D between the two gage marks was measured. The elongation 
set was cateulated from the following equatk)n: 

Elongation set (D-20) X 100/20 

35 

|nt?malh9ze: 

A 0.5-mm thick pressed plate was measured for internal haze in accordance with JIS K7105. 
The analyzers i^ed for the measurement of physical properties are as follows: 
NMR: EX-400 (available from Nihon Denshi K.K.) 
40 Mass spectrometry: AX-500 (available from Nihon Denshi K.K.) 

GPC: Waters 150C (Shodex; GPC AT-SOSMS column) 
DSC: PerWn Elmer DSC7 

MT: Melt Tension Tester II (available from Toyo SeiW Seisakiqo K.K.) 

Among known metallocene compounds, the following compounds were synthesized In accordance with known 
46 references. 

JP-A-5-345793: 

lsopropyiidene(1-indenyl)(9'fluorenyl)zirconium dichloride 
JP-A-63-235309: 

Bis( 1 ,2.4-trimethylcyctoperrtadienyl)zirconium dichloride 
so J. Oraanomet. Chem.. vol.288, p.63 (1985): 
raC'Ethylidenebis(indenyl) zirconium dichloride 
U.S. Patent 5.001.205: 

rac-Dimethylsilylenebis(tetrahydroindenyl) zirconium dichloride 
Orqanometallics. vol.13. D.954 (1994): 
55 rac-Dimethylsilytenebis(2-methyl-4-(1-naphthyl)indenyl)zirconium dichloride 

lsopropylidene(3-t-butyl-1-indenyl)(9-fluorenyl)zirconlum dichloride used In Conparative Example 16 was syn- 
thesized In the same manner as in Examples 1 and 2. 
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Synffi^is Qf Metaliocenp Corppound; 
EXAMPLE 1 

5 Synthesis of climethylsilyiene(2-methyi-4«(1-naDhthvi)indenvl) (9-fiuorenyl)zirconium dichloride (IMNFZ) 

(1) Oimethyt(2-methyl-7-(1-naphthyl)indertyf) (9-fluorenyl)silane was synthesized. 

The reaction was effected in an atmosphere of nitrogen gas. The glass reaction vessel used had been previously 
dried. 5.0 g (1 9.5 mmol) of 2-methyt-7-(1 -naphthyQindene (synthesized in accordance with Oraanometallics. vol. 1 3, 

10 p.954 (1994)) was dissolved in 100 ni/ of dried tetrahydrofuran (THF). To the solution was then added 13.0 mi (20.8 
mmol) of a 1 .6 mol// hexane solution of n-butyl lithium over ice-water bath. The reaction mixture was then allowed 
to undergo reaction at room temperature for 3 hours to obtain a light brown solution. A solution of 2.7 g (21 mmol) 
of dimethyl dichlorosilane in 200 mi of THF was cooled to a tenperature of O'^C. To the solution was then added 
dropwise the light brown solution which had been previously prepared in 2 hours. After the completion of thedropwise 

IS addition, the temperature of the mixture was returned to room temperature where it was then stirred for 12 hours. 
To the solution was then added dropwise a fluorenyl lithium solution which had been similarly prepared from 3.32 
g (20 mmoO of fluorene and 13.0 m/ of a n-butyl lithium solution while being cooled with ice over 15 minutes. The 
temperature of the mixture was returned to room temperature where it was then stirred for 12 hours. The reaction 
solution was stirred with an aqueous solution of ammonium chloride, extracted with 500 mi of diethyl ether, and 

20 then dried over anhydrous sodium sulfate. The material was then subjected to column chromatography (silica gel; 
developing solvent: n-hexane) to separate the reaction product from the starting materials. As a result, 5.6 g (1 1 .7 
mmd : yield: 59 %) of the desired compound was obtained. 

The elementary analysis of the compound thus obtained is given below. 

25 



Elementary analysis: 


Calculated (%) for CssHsoSi: 
Found (%): 


C87.82, 
C87.95. 


H6.32 
H6.55 



(2) The subsequent reaction of synthesis to zirconium complex was effected in an atnrosphere of argon gas. 6.5 g 
(13.6 mmol) of dimethyl(2-mettTyl-7-(1-naphthyl)indenyl)(9-fluorenyl)silane thus otrtained was dissolved in 100 m/ 

35 Of dried THF To the solution was then added 1 8.7 mi (28.7 mmd) of a 1 .65 mol// hexane solution of n-butyl lithium 
while being cooled with ice. The reaction mixture was then allowed to undergo reaction at room temperature for 2 
hours. THF was then distilled off under reduced pressure. To the solution was then added 50 m/ of dried toluene 
while being cooled to a temperature of -78*'C to detain a greenish brown suspension. 3.2 g (1 3.6 mmol) of zirconium 
tetrachloride was suspended in 100 m^ of dried toluene in a flask. The suspension was then cooled to a -78''C. 

40 Under these conditions, the greenish brown toluene solution which had been previously prepared was then added 
to the suspension through a cannula while being cooled to the same temperature. The reaction mixture was then 
stin-ed at a temperature of -78''C for 1 hour. Hie temperature of the mixture was returned to room temperature where 
it was then allowed to undergo reaction for 10 hours to obtain a red suspensfon. The suspension was then sut^ected 
to centrifugal separation to remove the toluene solution and separate a red solid therefrom. The red solid thus 

45 obtained was then extracted with 600 m^ of dried methylene chloride by means of a Soxhiet extractor. The resulting 
red transparent sdution was then concentrated to predpitate a red crystal. 

Mass spectrometry: El (70 eV). direct introduction method, 638 (M*) 

1H-NMR (400 MHz, CDCI3): 61.43 (3H. Si-CHa). 1.60 (3H, Si-CHa). 2.17 (3H. Ind-CHs). 6.25 (1H, Ind-H), 6.9 - 
so 8.4(18H, Aryl-H) 



55 
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Elementary analysis: 


Calculated (%) for CssHzsSiZrQa: 
Found (%): 


C65.81, 
C64.20. 


H4.42 
H3.91 



10 

EXAMPLE 2 

Synthesis of dlmethylsilvlene(2-meHiyl-4-phQnyllndenyl) (9-fluQrenyl)2ircQnium dichloride (IMPF2) 

IS 

(1) Dimethyf(2-methyl-7-phenylindenyl) {9-fluorenyl)silane was synttiesized. 

The procedure of Example 1 was followed. In some detail, 6.3 g (30.5 mmol) of 2-methyl-7-phenylindene (syn- 
thesized in accordance with Oroanometallics. vol.1 3, p.954 (1 994)) was dissolved in 1 00 m/ of dried tetrahydrofuran 
(THF)- To the solution was then added 21 .0 rrxi (33.6 mmoQ of a 1 .6 mol// hexane solution of n-butyl lithium over 

20 ice-water fc)ath. The reaction mixture was then allowed to undergo reaction at room temperature for 3 hours. The 
solution was then added dropwise to a solution of 4.4 g (34 mmol) of dimethyl dichiorosilane in 200 mi of THF over 
ice-water bath over 2 hours. After the completion of the dropwise addition, the temperature of the mixture was 
returned to room temperature where it was then stirred for 12 hours. To the solution was then added dropwise a 
fluorenyl lithium solution which had been similarly prepared from 5.1 g (30.5 mmol) of fluorene and 21.0 m/ of a n- 

25 butyl lithium solution while being cooled with ice in 1 5 minutes. The tenperature of the mixture was returned to room 
temperature where it was then stirred for 12 hours. The reaction solution was stirred with an aqueous solution of 
ammonium chloride, extracted with dietiiyl ether, and then dried over anhydrous sodium sulfate. The material was 
then subjected to column chromatography (silica gel; developing solvent: n*hexane) to separate the reaction product 
from the starting materials. As a result, 8.5 g (19.8 mmol; yield: 65 %) of the desired compourxJ was obtained. 

30 The elementary analysis of the compound thus obtained Is given below. 



Elementary analysis: 


Calculated (%) for C3iH28Si: 
Found (%): 


C86.92, 
C86.95, 


H6.54 
H6.75 



40 (2) The subsequent reaction of synthesis to zirconium complex was effected in the same manner as in Example 1 . 
In some detail. 6.8 g (15.9 mmoQ of dimethyl(2-methyl-7-):^enylindenyl)(9-fluorenyl)silane thus obtained was dis- 
solved in 1 00 mf of dried THF To the solution was then added 21 .8 mi (35.0 mmol) of a 1 .65 nfK}l// hexane solution 
of n-butyl lithium while being cooled with ice. The reaction mixture was then allowed to undergo reaction at room 
temperature for 2 hours. THF was then distilled off under reduced pressure. To the solution was then added 50 m^ 

45 of dried toluene while being cooled to a temperature of -78''C to otrtain a greenish brown suspension. On tiie otiier 
hand. 3.7 g (15.9 mmol) of zirconium tetrachloride was suspended in 100 mi of dried toluene in a flask. The sus- 
pension was tiien pooled to a -78''C. Under these conditions, the greenish brown toluene solution which had been 
previously prepared was tiien added to the suspension through a cannula while being cooled to the same temper- 
ature. The reaction mixture was then stired at a tenperature of -78'*C for 1 hour. The temperature of the mixture 

so was returned to room temperature where it was tiien allowed to undergo reaction for 10 hours to obtain a red sus- 
pension. The suspension was then subjected to centrifugal separation to remove tiie toluene solution and separate 
a red solid therefrom. The red solid thus obtained was then extracted with dried methylene cNortde by means of a 
Soxhiet extractor. A red crystal was then ot>tained from the resulting red transparent solution. 

55 Mass spectrometry: El (70 eV). direct introduction metiiod, 588 (M*) 

1H-NMR (400 MHz, CDCI3): 51.43 (3H. Si-CHa), 1.60 (3H, Si-CHs), 2.21 (3H. Ind-CHs). 6.40 (1H, Ind-H). 6.9 - 
8.4(18H.Aryl-H) 
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Elementaiy analysis: 


Calculated (%) for C3iH26SiZrCl2: 
Found (%): 


C63.27. 
C63.20, 


H4.42 
H4.20 



10 

Preparation of Ethvlenic Polvmer: 
EXAMPLES 

IS 

SuppQiUnq pf metfylaluffflnQxane on carrier 

Into a 100-m/ flask the air In which had been thoroughly replaced by nitrogen were charged 25 mi of toluene and 
1 .5 g of silica (obtained by calcining Davison 952 at a temperature of SOO'^C for 4 hours). To the suspension thus obtained 

20 was then added 37 m£ of methylaluminoxane (1.35 mo!// (in aluminum atom equivalence) toluene solution, available 
from Toso Aczo Ca. Ltd.). The reaction mixture was then stirred at room temperature for 30 minutes. The solvent was 
then distilled off under reduced pressure. To the reside was then added 50 m/ of heptane. The reaction mixture was 
then stirred at a tenperature of SO^'C for 4 hours. The reaction solution was then washed with heptane twice at a tem* 
perature of SO^'C to okjtain a solid component The solid component comprised methylaluminoxe in an amount of 33% 

25 by weight. 

PDlvmerization 

Into a 1 .5-/ internal volume SUS autoclave the air in which had k>een thoroughly replaced by nitrogen were Introduced 
30 3.2nf)/of a 0.5 moi//hexane solution of tri-i-butyl aluminum. 1 05 mgoftheforegoing silica-supported methylaluminoxane. 
a solution of 2.02 mg of dimethyls! lylene(2-methyl-4-(1 -naphthyl)indenyl)(9-f luorenyQzirconium dichloride (IMNFZ) syn- 
thesized in Example 1 in 6 m/ of toluene, and 800 mt of isobutane. The reaction mixture was then heated to a temperature 
of 70**C. Into the reaction system was then introduced ethylene to initiate polymerization. The polymerization was effected 
at an ethylene pressure of 10 Kg/cm^ and a temperature of 70*^0 for 30 minutes to obtain 69.3 g of a polymer. The 
35 polymer exhibited an activity of 6.9 kg-polymer/g-complex - hr - atm. 

The physical properties of the polymer thus obtained were as follows: 

Mw 990.000; Mw/Mn » 4.25 

40 The polymer exhibited a density of 0.948 g/cm^ and a melting point of 132''C. TTie melt tension of the polymer 

was immeasurable. 

gXAMPLE4 

45 Into a 1 .5-/ internal volume SUS autoclave the air in which had been thoroughly replaced by nitrogen were introduced 
3.2 m£oia 0.5 mol/i hexane solution of triisobutyl aluminum. 1 05 mg of the silica-supported methylaluminoxane prepared 
in Example 3, a solution of 2.02 mg of dimethylsilylene(2-methyl-4-(1 -naphthyl)indenyl)(9-f luorenyl)zirconium dichloride 
(IMNFZ) synthesized in Example 1 in 6 m/ of toluene, and 800 mi of isobutane. The reaction mixture was then heated 
to a temperature of 70''C. Into the reaction system was then introduced a mixture (HJCz (by weight) = 4 x 10'^) of 

50 ethylene and hydrogen to Initiate polymerization. The polymerization was effected at a mixture gas pressure of 1 0 Kg/cn12 
and a temperature of 70^*0 for 30 minutes to obtain 37.6 g of a polymer. The polymer exhibited an activity of 3.7 kg- 
polymer/g-complex ' hr • atm. 

The physical properties of the polymer thus obtained were as follows: 

55 HLMFR « 0.11 ;Mwer 407,000; Mw/Mn« 3.94 

The polymer exhibited a density of 0.957 g/cm3 and a melting point of 132^0. The melt tension of the polymer 
was immeasurat3le. 
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EXAMPLES 5 TO 7 

Polymerization was effected In the same manner as in Exanple 4 except tfiat the mixing gas ratio was altered. The 
polymerization conditions and results are set forth In Tattle 1 . The physical properties of the polymer tiius obtained are 
set forth in Table 2. 

EXAMPLES 8 TO 10 

Polymerization was effected in the same manner as in Examples 3 to 7 except that dlm6thylsilylene(2-methyl-4- 
phenylindenyO(9-fluorenyl}zirconlumdlchlortde (IMPFZ) produced in Example 2 was used as a metallocene compound. 
The polymerization conditions and results are set forth in Table 1 . The physical properties of the polymer thus obtained 
are set forth in Table 2. 

COMPARATIVE EXAMPUE 1 

Polymerization was effected in the same manner as In Example 3 except that isopropyridene(indenyl)(fIuorenyl)zir- 
conium dichloride (a) was used as a metallocene compound. The polymerization conditions and results are set forth In 
Table 1 . The physical properties of the polymer thus obtained are set forth In Table 2. 

QOMPARATIVE EXAMPI-ES g ANP 3 

Polymerization was effected in the same manner as in Examples 3 and 4 except tiiat bis(n-butylcyclopentadlenyl)zir- 
conium dichloride (b) was used as a metallocene compound. The polymerization conditions and results are set forth in 
Table 1 . The physical properties of the polymer thus obtained are set forth in Tattle 2. 

COMPARATIVE EXAMPLES 4 AND 5 

Polymerization was effected in the same manner as in Examples 3 and 4 except that bis(1 •methyl-3-n-butylcycIopen- 
tadlenyQzirconium dichloride (c) was used as a metallocene compound. The polymerization conditions and results are 
set fbrtti in Table 1 . The physical properties of the polymer thus obtained are set forth in Table 2. 

COMPARATIVE EXAMPLE 6 

Polymerization was effected in tiie same manner as in Example 4 except that bis(1 .2,4>trimethylcyctopentadienyl)zir- 
conium dichloride (d) was used as a metallocene compound. The polymerization conditions and results are set forth in 
Table 1 . The physical properties of the polymer thus obtained are set forth In Table 2. 

COMPARATIVE EXAMPLES 7 AND 8 

Polymerization was effected in the same manner as in Examples 3 to 5 except that ethylidenebis(indenyOzirconium 
dichloride (e) was used as a metallocene compound. The polymerization conditions and resuHs are set forth In Tat>le 1 . 
The physical properties of the polymer tiius obtained are set forth in Table 2. 

The relationship between MT and MFR was determined from these resuHs as shown in Fig. 1 . 

The comparison of the foregoing examples with the conparative examples shows that the metallocene compound 
of the present invention can form a catalyst enabling the production of a polyethylene having a high melt tension. In 
particular, the comparison of the examples with Comparative Example 1 shows tiiat among crosslinked metallocene 
compound groups having indene ring and f luorene ring, the group having substituents of tiie present invention can form 
a catalyst enabling the production of a polyethylene having a specifically high melt tension. 

Furtiier, the comparison of the examples with Comparative Examples 7 and 8 shows that the metallocene compound 
of tiie present invention enables the production of a polyethylene having a higher molecular weight than tiie metallocene 
compounds which have heretofore been known to fbrni catalysts enabling the production of a polyettiylene having a 
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high melt tension even If hydrogen is irrtroduced into the polymerization system during the polymerization. 
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Preparation < rf Ethvienic Copotymer: 
EXAMPLE 11 

5 Into a 1 .5-/ internal volume SUS autoclave the air in which had been thoroughly replaced by nitrogen were introduced 

1 .1 of a 0.5 moUi hexane solution of trt-i-butyl aluminum, 36 mg of the foregoing sHica-supported methylaluminoxane, 
a solution of 0.69 mg of dimethylsilylene(2-methyl-4-(1 -naphthyQindenyQCS-f luorenyl) zirconium dichloride (tMNFZ;) syn- 
thesized in Example 1 in 6 m/ of toluene, and 800 m/ of 1 -hexena The reaction mixture was then heated to a tenperature 
of TCC. Into the reaction system was then introduced ethyl ene to Initiate polymerization. The polymerization was effected 

10 at an ethylene pressure of 1 0 kg/cm^ and a temperature of TCC for 30 minutes to obtain 1 73 g of a polynrier. The polymer 
exhibited an activity of 49.4 kg-polymer/g-conplex - hr - atm. 

The physical properties of the polymer thus obtained were as follows; 

Mw « 705.000: Mw/Mn = 4.16 

IS 

The polymer exhibited a density of 0.88 g/cm3. in DSC, no peaks of enthalpy due to fusion and crystallization 
were detected. 

The measurement of 1 3C-NMR shows that the hexene content, in tiie polymer chain is 35.2 % by weight arxJ rir2 is 
0.49. 

20 

EXAMPLE 12 

Into a 1 .5-/ intemal volume SUS autoclave the air in which had been thoroughly replaced by nitrogen were introduced 

3.2 m/ of a 0.5 mol// hexane solution of triisobutyl aluminum, 1 05 mg of the silica-supported methylaluminoxane prepared 
25 in Example 3, a solution of 0.69 mg of dimethylsrlylene(2-methyl-4-(1 -naphthyl)indenyl)(9-f luorenyl)zirconium dichloride 

(IMNFZ) synttiesized in Example 1 in 6 mi of toluene, 90 g of 1 -hexene, and 800 mi of isobutane. The reaction mixture 
was then heated to a temperature of 70*^0. into tiie reaction system was then introduced a mixture (H^C2 (by weight): 
5.2 X 1 0~^ of etiiylene and hydrogen to initiate polymerization. The polymerization was effected at a mixture gas pressure 
of 1 0 kg/cm? and a temperature of 70^*0 for 30 minutes to ot>taln 1 91 g of a polymer. The polymer exhibited an activity 
30 of 18.2 kg-potymer/g-complex - hr * atm. 

The physical properties of the polymer thus obtained were as follows: 

HLMFR = 1 .85; Mw = 251 ,000; Mw/Mn = 4.20 

35 The polymer exhibited a density of 0.88 g/cm^. In DSC, no peaks of entiialpy due to fusion and crystallization 

were detected. 

The measurement of 1 3C-NMR shows that the hexene content in the polymer chain is 35.7% by weight and r^tz is 
0.51. 

Polymerization was effected in tiie same manner as in Example 12 except that the mixing gas ratio was altered. 
The polymerization conditions and results are set forth In Table 3. The physical properties of the polymer thus obtained 
are set forth in Table 4. 

45 

EXAMPLES 14 ANP 15 

Polymerization was effected in the same manner as in Example 1 2 except that the amount of 1 -hexene to be used 
was altered. TTie polymerization conditions and results are. set forth in Table 3. The physical properties of the polymer 
so thus obtained are set fbrtii in Table 4. 

EXAMPLES 16 AND 17 

Polymerization was effected in the same manner as in Examples 1 1 and 15 except ttiat IMPFZ was used as a 
55 metallocene compound. The polymerization conditions and results are set forth in Table 3. The physicar properties of 
the polymer thus obtained are set forth in Table 4. 
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COMPARATIVE EXAMPLE 9 

Polymerization was effected in the same manner as in Example 1 1 except that isoprcpyridene(indenyl)(f luorenyl)zir- 
conium dichloride (a) was used as a metallocene compound. The polymerization conditions and results are set forth in 
5 Table 3. The physical properties of the polymer thus obtained are set forth in Table 4. 

COMPARATIVE EXAMPLES 10 AND 11 

Polymerization was effected in the same manner as in Examples 1 1 and 12 except that bis(n-butylcyclopentadi- 
10 enyl)zirconium cfichloride (b) was used as a metallocene compound. The polymerization conditions and results are set 
forth in Table 3. The physical properties of the polymer thus obtained are set forth in Table 4. 

COMPARATIVE EXAMPLES 12 AND 13 

IS Polymerization was effected in the same manner as in Examples 1 1 and 12 except that ethylidenebis(indenyl)zir- 
conium dichloride (e) was used as a metallocene compound. The polymerization conditions and results are set fortfi in 
Table 3. The physical properties of the polymer thus obtained are set forth in Table 4. 

COMPARATIVE EXAMPLE 14 

20 

Polymerization was effected in the same manner as in E^oimple 1 1 except that dimethyt8ilylenebis(tetrahydroinde- 
nyl)ziroonium dichloride (f) was used as a metallocene compound. The polymerization conditions and results are set 
forth in Tatiie 3. The physical properties of the polymer thus obtained are set forth in Table 4. 

The foregoing examples demonstrate that in the production of an ethylenic copolymer the metallocene compound 
ss of the preserrt invention can provide a copolymer having a higher molecular weight while maintaining the unifomiity in 
the comonomer distribution. It can also be seen that the catalyst system of the present invention can provide a higher 
comonomer conversion (ratio of comonomer incorporated in the polymer chain by the polymerization reaction to comon- 
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omer charged) than the conventional metallocene catalyst systems. 
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Preparation of PDlvpropvlene Elastomer: 
EXAMPLE 18 

5 Into a 1 .5-/ internal volume SUS autoclave the air in which had teen thoroughly replaced by nitrogen was charged 
11 .7 m/ of a 0.5 M toluene solution of tri-i-butyl aluminum (TIBA). 8 mol of liquid propylene was then charged into the 
autoclave. The reaction mixture was then kept at a temperature of SO^'C. To a toluene solution of 2.5 mg (0.039 mmol) 
of dimethylsilylene(2-methyl-4-(1 -naphtyf) indenyl) (9-f luorenyl) zirconium dichloride (IMNF2) synthesized In Exarrple 1 
was added 3.9 m/ of a 0.5 M toluene solution of TIBA. The reaction mixture was then allowed to undergo reaction at a 
10 temperature of SO'Cfor 5 minutes (Catalyst A). Further. 2.0 of a 2.9 mM toluene solution of [Ph3C]IB(C6F5)4] (TPFPB) 
was prepared (Catalyst B), Catalysts A and B were mixed, and then immediately charged into the reaction vessel where 
polymerization was then effected at a tenperature of SO^'C for 1 hour. After the completion of the reaction, the resulting 
polypropylene was dried in vacua 

As a result. 240 g of a transparent amorphous polypropylene elastomer was obtained. It exhibited an activity of 35 
IS kg-PP/g-Zr * h per metallocene. 

The stereoregularity of the polymer thus obtained comprised mm = 17 %. mr = 47 % and rr = 36 % (isc-NMR 
spectrum in methyl region is set forth In Fig. 2). 

The polymer exhibited a molecular weight Mw of 593,000 and a molecular weight distribution Mw/Mri of 2.8. 
In DSC, no peaks of enthalpy due to fusion and crystallization were detected. 

20 

EXAMPLE 19 

The procedure of Example 18 was followed except that the polymerization temperature was altered to 20''C and 
1.1 mg (0.0017 nrinnoO of dimethylsilylene(2-methyl-4-(1-naphtyl)indenyl)(9-fluorenyOzirconium<fic^ (IMNFZ) syn- 
25 thesized in Example 1 was used. As a result 54 g of a transparent amorphous polypropylene elastomer was obtained. 
The polymer thus obtained exhibited an activity of 32 kg-PP/g-2r • h per metallocene. 

mm « 17 %; mr s 45 %. nr s 38 %; ^^ := 853.000, Mw/Mn n 2.8 

30 EXAMPLE 20 

The procedure of Example 18 was followed except that 1.2 mg (0.0020 mmol) of dimethylsilylene(2-methyl-4-(1 - 
phenyiindenyl)(9-fluorenyl)zirconium dichloride (IMPF^ synthesized in Example 2 was used as a metallocene com- 
pound. As a result. 1 25 g of a transparent amorphous polypropylene elastomer was obtained. The polymer thus obtained 
35 exhibited an activity of 61 kg-PP/g-Zr - h per metallocene. 

mm « 16 %; mr =: 46 %. rr o 38 %; Mw « 493.000. Mw/Mn « 2.5 

EXAMPLE 21 

40 

The procedure of Example 18 was followed except that the polymerization temperature was altered to 20*C and 
0.8 mg (0.0014 mmol) of dimethylsilyiene(2-methyl-4-phenyilndenyt)(9-fluorenyl)zirconium dichloride (IMPFZ) synthe* 
sized in Example 2 was used. As a result. 38 g off a transparent amorphous polypropylene elastomer was obtained. The 
polymer thus obtained exhibited an activity off 28 kg-PP/g-Zr - h per metallocene. 

45 

mm » 16 %; mr o 44 %, rr o 40 %; Mw = 793,000, Mw/Mn = 2.5 
None of the polymers obtained in Exanples 1 7 to 1 9 showed peaks of enthalpy due to fusion and crystallization. 
50 COMPARATIVE EXAMPLE 15 

The procedure of Example 18 was followed except that 0.77 mg (0.0016 mmoQ of isopropyridene(1 -indenyl)(9- 
fluorenyl)zirconium dichloride (a) was used. 

As a result. 17 g of an oily atactic polypropylene was obtained. The polymer thus obtained exhibited activity of 22 
55 kg-PP/g-Zr - h per metallocene compound. 

mm = 27%; mr = 33%; rr s 40 %; Mw« 5.200; Mw/Mn » 2.8 
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COMPARATIVE EXAMPLE 16 

The prcxiedure of Exanple 18 was followed exc^ that 0.92 mg (0.0017 mmol) of iscvropyridene(3-t-butyl-1-lnde- 
nyl)(9-f luorenyl)zirconium dichloride (g) was used. 
5 As a result, 19 g of a powdered Isotactic polypropylene was obtained. The polymer thus obtained exhibited activity 
of 21 l^-PP/g-Zr - h per metallocene compound. 

mm » 78 %; mr = 12 %; n- 10 %: Mw 214.000; Mw/Mn = 2.6 

10 The foregoing examples demonstrate that among the crosslinked metallocene compound groups having indene 

ring and fluorene ring, the group having substituents of the present invention can form a catalyst which specifically 
enables the production of a polypropylene elastomer. 

IS 

1.8 g (2.8 mmol) of dimethylsilylene(2-methyl-4-(1-naphthyOindenyl)(9-fluorenyl)zirconlum dichloride (IMNFZ) and 
10 mg (0.014 mmol) of rac-dimethytsilylene(2-methyl-4-(1-naphthyOindenyi)zirconium dichloride (h) were dissolved in 
100 m^ of toluene (distilled and dried in the presence of Na-K alloy). 0.10 m/ of the toluene solution thus obtained was 
then subjected to proF^ene polymerization at a temperature of eo^'C in the same manner as in Example 1 8. As a result, 
20 72 g of a transparent polypropylene elastomer was obtained. The polymer thus obtained exhibited an activity of 40 i^- 
PP/g-2r • h per metallocene compound. 

mm s 25 %; mr a 42 %; n* a 33 % 3C-NMR spectrum in methyl region is set forth In Fig. 3) 

25 Mw = 428,000; Mw/Mn a 5.2 

in DSC. the polymer showed a melting point at 1 46.4''C. 

EXAMPLE 23 

30 

The procedure of Example 22 was followed except tiiat 0.13 m/ (0.0035 mmol per mol of metallocene compound 
used) of a toluene solution of metallocene compound was used and the polymerization temperature was altered to 70''C. 
As a result, 78 g of a transparent polypropylene elastomer was obtained. The polymer thus obtained exhibited an activity 
of 35 kg-PP/g-Zr - h per metallocene compound. 

35 

mm = 28 %; mr = 41 %; n- = 31 %; Mw = 320.000; Mw/Mn = 8.9 

In DSC, the polymer showed a mefting point at 146.2**C. 
The results are set forth in Tables 5 and 6. 
40 The polypropylene products obtained in Examples 18 to 23 were then subjected to elasticity test. The results are 
set forth in Table 7. The stress-strain curve of polypropylenes otitained In Exanples 18 and 22 are set forth in Rgs. 4 
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and 5, respectively. 
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As mentioned above, the polynrierization of an olefin in the presence of a nnetailocene compound as an essential 
catalyst component provides a plurality of effects depending on the olefin to be polymerized. 
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In other words, in the case of the production of an ethylenic polymer, a high meft tension polymer having up to a 
high molecular weight can be produced. 

In the case of the production of an ethylenic copolymer, a polymer having a uniform comonomer distnlDution can be 
produced up to a high molecular weight range. Further, a high percent comonomer incorporation in the polymer chain 
5 can be provided, giving an advantage in cost. 

In the case of the polymerization of aolefin. particularly propylene, an amorphous polypropylene having elastic 
properties can be produced at a high activity. When the polymerization is effected in the presence of the metallocene 
compound of the present invention combined with other metallocene compounds, the elastic properties of the polymer 
thus produced can be properly controlled under industrially effective polymerization conditions. 
10 While the Invention has been desaibed in detail and with reference to specific examples thereof, it will be apparent 
to one skilled in the art that various changes and modifications can be made tiierein without departing from the spirit 
and scope thereof. 

Claims 

IS 

1 . A catalyst component for producing pdyolef in, said catalyst component comprising a metallocene compound rep- 
resented by formula (1 ): 
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wherein 

W represents a transition metal atom selected from Tl, Zr. and Hf ; 

XI and X2 may be tiie same or different and each represent a hydrogen atom, a halogen atom, a hydrocarbon 
45 group having from 1 to 20 cartx>n atoms which may contain a halogen atom, an OR group, an SR group, an OCOR 
group, an SO2R group, an OSO2R group, or an NRR* group, in which R and R* may be the same or different and 
each represent a hydrogen atom or a hydrocarbon group having from 1 to 7 carison atoms which may contain a 
halogen atom; 

Ri and R2 may be the same or different and each represent a hydrogen atom, a hydrocartx>n group having 
so from 1 to 20 carbon atoms, an OR group, or an SR group, in which R represents a hydrogen atom or a hydrocarbon 
group having from 1 to 7 carixm atoms which may contain a halogen atom. R^ and R2 may be connected to each 
other to form a ring; 

R3 represents a hydrocartx}n group having from 1 to 5 cartx>n atoms which may contain a silicon atom; 
R4 represents a l^rocartx>n group having from 1 to 20 caibon atoms which may contain a silicon atom; 
55 R5 to R15 may be the same or different and each represent a hydrogen atom or a IrydrocartMn group having 

from 1 to 20 cariaon atoms which may contain a silicon atom, Rs to may be connected to each other to form a 

ring; 

Yi represents a carfc>on atom, a silicon atom, or a gemnanium atom; and 
n represents an integer of from 1 to 3. 
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2. A catalyst corrponerrt.for producing polyolef in as claimed In Claim 1 . wherein R3 represents a methyl group or an 
ethyl group; and represents a methyl group, an ethyl group, an n-propyl group, an i-propyl group, or an aryt group 
having from 6 to 20 cartx)n atoms. 

3. A catalyst component for producing polyolefin as claimed in Qaim 1 . wherein R3 represents a methyl group or an. 
ethyl group; R^ represents a phenyl group or a 1 -naphthyl group; RS to Ri^ each represent a hydrogen atom; and 
nis1. . 

4. A catalyst for producing polyolefin, said catalyst conprising: 

(A) a catalyst Gompon^; 

(B) a Lewis add conpound; and 

(C) an organoaluminum compound, 

said catalyst component comprising a metallocene compound represented by fonnula (1): 




wherein 

Mi represents a transition metal atom selected from Ti. Zr, and Hf; 

XI and X2 may be the same or different and each represent a hydrogen atom, a halogen atom, a hydrocarbon 
group having from 1 to 20 cartx)n atoms which may contain a halogen atom, an OR group, an SR group, an OCOR 
groiq). an S02R group, an OSO2R group, or an NRR' group, in which R and R' may be the same or different and 
each represent a hydrogen atom or a hydrocarbon groiq^ having from 1 to 7 carbon atoms which may contain a 
halogen atom; 

and R2 may be the same or different and each represent a hydrogen atom, a hydrocart)on group having 
from 1 to 20 carbon atoms, an OR group, or an SR group, In which R represents a hydrogen atom or a h^rocaxbon 
group having from 1 to 7 cartxMi atoms which may contain a halogen atom, Ri and R2 may be connected to each 
other to form a ring; 

R3 represents a hydrocartx)n group having from 1 to 5 carison atoms which may contain a silicon atom; 
represents a hydrocarbon group having from 1 to 20 cartx)n atoms which may contain a silicon atom; 

R5 to R15 may be the same or different and each represent a hydrogen atom or a hydrocartjon group having 
from 1 to 20 carbon atoms which may contain a silicon atom, Rs to R^s may be connected to each other to form a 
ring; 

Yi represents a carkxin atom, a silicon atom, or a germanium atom; and 
n represents an integer off from .1 to 3. 
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5. A polyolef in production catalyst as claimed in Claim 4, said catalyst further comprises P) a particulate carrier. 

6. A process for producing a polyolefin. said process comprising the step of homopolymerizing ethylene or copolym- 
erizing ethylene and at least one of olefin represented tsy formula (2): 

s 

R16 - CH = CH - R17 (2) 

wherein Rie and R17 may be the same or different and each represents a hydrogen atom or a hydrocaitx}n group 
having from 1 to 1 4 cartwn atoms other than ethylene, W 6 and Ri7 niay be connected to each other to fbmi a ring. 
10 In the presence of a catalyst comprising: 

(A) a catalyst component; 

(B) a Lewis acid conpound; and 

(C) an organoaluminum conrpbund. 

IS 

said catalyst component comprising a metallocene conpound represented by formula (1): 
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wherein 

W represents a transition metal atom selected from 71, Zr. and Hf; 

X1 and X2 may be the same or different and each represent a hydrogen atom, a halogen atom, a hydrocarbon 
45 group having from 1 to 20 carbon atoms which may contain a halogen atom, an OR group, an SR group, an OCX)R 
group, an SO2R group, an OSO2R group, or an NRR' group, in which R and R* may be the same or different and 
each represent a hydrogen atom or a hydrocartx>n group having from 1 to 7 carbon atoms which may contain a 
halogen atom; 

Ri and RZ may be the same or different and each represent a hydrogen atom, a hydrocart>on group having 
50 from 1 to 20 carbon atoms, an OR group, or an SR group, in which R represents a hydrogen atom or a hydrocartx3n 
group having from 1 to 7 carbon atoms which may contain a halogen atom, Ri and R2 may be connected to each 
other to form a ring; 

R3 represents a hydrocariaon group having from 1 to 5 cartx)n atoms which may contain a silicon atom; 
R4 represents a l^rocartson group having from 1 to 20 caitoon atoms which may contain a silicon atom; 
55 R5 to RI5 may be the same or different and each represent a hydrogen atom or a hydrocart)on group having 

from 1 to 20 cartx>n atoms which may contain a silicon atom, R^ to R15 may be connected to each other to fonn a 
ring; 

Yi represents a cart>on atom, a silicon atom, or a germanium atom; and 
n represents an integer of from 1 to 3. 
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A process for producing a polyof ef in as claimed in aaim 6, wherein said catalyst furtlier comprises (D) a particulate 
carrier. 

A process for producing a polyolef In. said process comprising the step of polymerizing one of olefin represented by 
formula (2) or copolymerizing two or more of olefins represented by formula (2): 

R16.CH = CH-Ri7 (2) 

wherein FPe and Ri7 may be the same or different and each represents a hydrogen atom or a hydrocarbon group 
having from 1 to 14 cartoon atoms other than ethylene, Rie and R»7 niay be connected to each other to form a ring, 
in the presence of a catalyst comprising: 

(A) a catalyst component; 

(B) a Lewis acid compound; and 

(C) an organoalumlnum compound, 

said catalyst component (A) comprising a metallocene compound represented by formula (1): 




wherein 

W represents a transition metal atom selected from Ti, Zr, and Hf ; 

XI and X2 may be the same or different and each represent a hydrogen atom, a halogen atom, a hydrocarbon 
group having from 1 to 20 carbon atoms which may contain a halogen atom, an OR grotp. an SR group, an OCOR 
group, an SO2R group, an OSO2R group, or an NRR' group, in which R and R' may be the same or different and 
each represent a hydrogen atom or a hq/drocarbon group having from 1 to 7 cartx)n atoms which may contain a 
halogen atom; 

Ri and R2 may be the same or different and each represent a hydrogen atom, a hydrocartwn group having 
from 1 to 20 cartjon atoms, an OR group, or an SR group, in which R represents a hydrogen atom or a hydrocartjon 
group having from 1 to 7 cart)on atoms which may contain a halogen atom, R1 and R2 may be connected to each 
other to form a ring; 

R3 represents a hydrocarbon group having from 1 to 5 carbon atoms which may contain a silicon atom; 

R4 represents a r^rocartK>n group having from 1 to 20 carbon atoms which may contain a silicon atom; 

R5 to Ris may be the same or different and each represent a hydrogen atom or a hydrocart)on group having 
from 1 to 20 carkx)n atoms which may contain a silicon atom, R^ to Ris may be connected to each other to form a 
ring; 



40 



EP0707016A1 

Yi represents a carbon atom, a silicon atom, or a germanium atom; and 
n represents an integer of from 1 to 3. 

9. A process for producing a polyolef in as claimed in Claim 8, wlierein said catalyst furtlier conprises (D) a particulate 

5 carrier. 

1 0. A process for producing a polyolef in. said process conprising the step of polymerizing one of olefin represented by 
formula (2) or copolymerizing two or more of olefins represented by formula (2): 

10 R16 - CH = CH - R17 (2) 

wherein Ri6 and Ri? may be the same or different and each represents a hydrogen atom or a hydrocarbon group 
having from 1 to 1 4 cartxDn atoms other than ethylene, R^^ and Ri7 may be connected to each other to form a ring, 
in the presence off a catalyst comprising: 

IS 

(A-l) a catalyst component; 

(A-2} an auxiliary metallocene compound; 

(B) a Lewis acid compound; and 

(C) an organoaluminum compound, 

20 

said catalyst conponent (A-1) comprising a metallocene compound represented by formula (1): 




45 

wherein 

Ml represents a transition metal atom selected from Ti, Zr. and Hf ; 

XI and X2 may be the same or different and each represent a h^rogen atom, a halogen atom, a fTydrocartx)n 
group having from 1 to 20 cartx)n atoms which may contain a halogen atom, an OR group, an SR group, an OCOR 
so group, an SO2R group, an OSO2R group, or an NRR' group, in which R and R* may be the same or different and 
each represent a hydrogen atom or a li^rocarbon group having from 1 to 7 cark)on atoms which may contain a 
halogen atom; 

Ri and R^ may be the same or different and each represent a hydrogen atom, a hydrocartx)n group having 
from 1 to 20 cartx>n atoms, an OR group, or an SR group, in which R represents a hydrogen atom or a hydrocartx)n 
55 . group having from 1 to 7 carbon atoms which may contain a halogen atom, Ri and R2 may be connected to each 
other to form a ring; 

R3 represents a hydrocartx)n group having from 1 to 5 cartx)n atoms which may contain a silicon atom; 
R^ represents a hydrocartx>n group having from 1 to 20 cart)on atoms which may contain a silicon atom; 
R5 to R15 may be the same or different and each represent a hydrogen atom or a hydrocaitx>n group having 
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from 1 to 20 carbon atoms which may contain a silicon atom. to R^^ may be connected to each other to form a 

ring; 

Yi represents a carbon atom, a silicon atom, or a gemrianium atom; and 
n represents an integer of from 1 to 3. and 

said auxiliary metallocene conpound (A*2) being represented by formula (3) or (4): 




wherein 

represents a transition metal atom selected from 71. Zr. and Hf; 
X3 and X4 may be the same or different and each represent a hydrogen atom, a halogen atom, a hydrocartx)n 
groiqs having from 1 to 20 carbon atoms which may contain a halogen atom, an OR group, an SR group, an OCOR 
group, an SO2R group, an OSO2R group, or an NRR* group, in which R and R' may be the same or different and 
each represent a hydrogen atom or a hydrocartx)n group having from 1 to 7 carison atoms which may contain a 
halogen atom; 

R^8 and R^ ^ may be the same or different and each represent a hydrogen atom, a hydrocarbon group having 
from 1 to 20 cartson atoms, an OR group, or an SR group, in which R represents a hydrogen atom or a hydrocarbon 
group having from 1 to 7 cartx)n atoms which may contain a halogen atom. Ris and Ri^ may be connected to each 
other to form a ring; 

R24 represents a hydrocartjon group having from 1 to 5 carbon atoms which may contain silicon atom; 

R20 to R23, R25, and R26 may be the same or different and each represent a hydrogen atom or a hydrocaibon 
group having from 1 to 20 cartx>n atoms which may contain silicon atom, R23 and R2S, and R2^ and R28 may be 
connected to each other via a cariwn atom to form a ring; 

Y2 represents a cartxm atom, a silicon atom, or a germanium atom; and 



42 



EP0707016A1 

n represents an integer of from 1 to 3, . 
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wherein 

M3 represents a transition metal atom selected from Ti. Zr, and Hf ; 

and X6 may be the same or different and each represent a hydrogen atom, a halogen atom, a hydrocarbon 
group having from 1 to 20 carbon atoms which may contain halogen atom, an OR groups an SR group, an CX>OR 
group, an SO2R group, an OSO2R group, or an NRR* group, in which R and R' are as defined above; 

R27 and R28 may be the same or different and each represent a hydrogen atom, a hydrocart3on group having 
from 1 to 20 carbon atoms, an OR group, or an SR group, in which R is as def Hied above, R27 and R^s may be 
connected to each other to form a ring: 

R29 represents a hydrocait)on group having from 1 to 5 cartx>n atoms which may contain a silicon atom; 

R30 and R3^ may be the same or different and each represent a hydrogen atom or a hydrocarfcson group 
having from 1 to 20 carbon atoms which may contain a silicon atom; 

R29 and R31 may be connected to each other via a cartx)n atom to form a ring; 

Y3 represents a carbon atom, a silicon atom, or a germanium atom; and 

n represents an integer of from 1 to 3. 

1 1 . A process for producing a polyolef in as claimed in Qaim 1 0, wherein said catalyst further comprises (D) a particulate 
carrier. 
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